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Abstract  
This paper presents an experimental study on wear and frictional properties of developed hybrid 
sisal/jute fibre reinforced epoxy composite. Composite are fabricated by hand lay-up technique keeping 
constant 30 wt. % of fibre content. Wear and frictional properties of hybrid composite is carried out at 
different operating parameters such as applied load (10-30 N), sliding speed (1-3m/s) and constant 
sliding distance 1000 m. Alkali treatment of fibres is used to increase the percentage reduction of wear 
rate and friction coefficient.  The experimental results show that increase in specific wear rate and 
coefficient of friction is found on increasing the applied load and sliding speed.   
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1. Introduction  
The frequently used of synthetic fibre as a reinforcement for polymer composite all over world has 
increased the environment burden. For this reason, the development of natural fibre reinforced polymer 
composite is a subject of enormous interest of researchers and scientist for both ecological and 
environmental perspectives. Nowadays natural fibres are being used in place of glass and other 
synthetic fibres due to many advantages such as low cost, low density, abundance, environmental 
friendly, non-toxicity, high flexibility, renewability, biodegradability, relative non-abrasiveness, high 
specific strength and ease of processing. [1-6]. 
Chauhan et al. [7] reported study on tribological behaviour of glass fibre reinforced vinylester 
composite with various combination of weight fraction under dry and water lubricated sliding condition. 
They found that glass fibre reinforced vinylester composite with fly ash filler shows improved wear 
properties under dry as well as water lubricated condition. Bajpai et.al [8] presented study on 
tribological behavior of PLA based composite reinforced with three different natural fibres such as 
grewia optiva, nettle and sisal. The composites are prepared by hot compression technique for wear and 
friction test. Their results indicate that all composites shows improved wear behaviour as compared to 
neat PLA. Friction coefficient and specific wear rate of composites are found to reduce by 10-44% and 
70% respectively as compared to neat PLA. Ashok et al. [9] investigated the frictional coefficient of 
sisal/glass fibre reinforced epoxy hybrid composites with different sliding speeds such as 0.2, 2 and 4 
mm/s with constant applied load of 10 N. The results indicates that the increasing the fibre length of the 
composites the frictional coefficient is found to increased. The optimal improvement is found at 2 cm 
treated fibre reinforced composites as compared to untreated ones. Biswas et al. [10] investigated the 
erosion wear behavior of short bamboo/glass reinforced epoxy hybrid composites with various weight 
compositions. The result of erosion rate versus impact velocity curve reported that 15 wt. % 
bamboo/glass fibre reinforced composites shows the least erosion rate compared to other composites. 
In this paper, the author prepared the hybrid composite by hand lay-up technique and their 
tribological characteristics such as specific wear rate and coefficient of friction has been studied under 
different load and sliding speed but constant sliding distance. 
2. Experimental Details 
2.1. Materials 
Sisal and jute fibres are used as reinforcement and epoxy resin (AY 105) as a matrix in this work. Both 
fibres and epoxy matrix are purchased from local resource. The density and dynamic viscosity (at 25ºC) 
of epoxy AY 105 is 1.108 g/cm3and11.79 Pa.s respectively. The properties of jute and sisal fibres are 
given in Table 1. 
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Table 1 Properties of Jute Fibre and Sisal Fibre [11, 12] 
Properties Jute fibre Sisal fibre 
Density (g/m³) 1.3 1.5 
Elongation at break (%) 1.5-1.8 2-2.5 
Tensile strength(MPa) 393-773 511-700 
Young’s modulus (GPa) 26.5 9.4-22 
Cellulose (%) 61-71 65 
Lignin (%) 12-13 9.9 
Microfibrillar angle 80 220 
Wax (%) 0.5 2 
Hemi-cellulose (%) 14-20 22 
Pectin (%) 0.2 10 
Ash (%) 0.5-2 0.6-1 
 
2.2. Fabrication of Composites 
Jute and sisal fibres are purchased from local places in long form. Fibres are washed several times with 
pressurized water to remove fine dust particles adhere with surface of fibres. Fibres were then dried in 
sun light for 24 hours. After drying in sunlight fibres are cut into length of 300mm. Fibres were again 
washed by acetone and then dried in oven at 70 °C for 24 hours. Jute and sisal fibres are reinforced in 
epoxy resin to prepare the composites. The epoxy resin (AY105) and corresponding hardener (HY 951) 
is mixed in a ratio of 10:1 by weight. The mixture is stirred manually to disperse the resin and the 
hardener in the matrix. The composite laminates are made by conventional hand lay-up technique 
followed by light compression moulding technique. A stainless steel mould having dimensions of 300 × 
200 × 5 mm3 is used for casting of composites. Silicon spay as a releasing agent is used to facilitate easy 
removal of the composite from the mould after curing. The cast of each composite is cured under a load 
of 50 kg for 24 hours before it is removed from mould. Dimension of specimen are cut as per ASTM 
standard by using a diamond cutter. The composites manufactured with varying wt. % of fibres have 
been given notations as shown in Table 2. 
 
 
 
Table 2 Notation for Hybrid Sisal/Jute Fibre Reinforced Epoxy Composite. 
Composite Jute fibres 
content (%) 
Sisal fibres 
content (%) 
Total fibre content  
(wt %) 
Chemical 
treatment 
J100S0 100 0 30 - 
J75S25 75 25 30 - 
J50S50 50 50 30 - 
J25S75 25 75 30 - 
J0S100 0 100 30 - 
J50S50 T 50 50 30 Alkali treated 
 
 
2.3. Alkali Treatment 
The fibres are immersed in 5% NaOH aqueous solution for 30 minutes. The fibres are then cleaned 
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several times with distilled water followed by immersing the fibre in very dilute HCl in order to remove 
the NaOH adhering to the surface of the fibres. Finally the fibres are again washed several times with 
distilled water and then dried in hot air oven maintained at 70 ºC for 24 hours.  
2.4. Wear Test 
Wear and friction characteristics of prepared hybrid composite are carried out by using instrument 
Ducom India- TR20LE. The counterface is made of ground hardened steel disc EN-31, 64-HRC. The 
maximum diameter, thickness and surface roughness of disc are 140 mm, 8 mm and 0.7 mm Ra 
respectively. Normal load and sliding speed varies from 10-30 N and 1-3m/s respectively keeping 
constant 1000 m of sliding distance.  
2.5. Experimental Procedure 
Wear test is performed as per the ASTM G99-95 standard. The test specimens are cut with dimension 5 
mm × 5 mm ×10 mm from developed composites. Water proof silicon carbide abrasive paper is used to 
maintain required roughness to get intimate contact between specimen and counterface of disc. The 
specimens and counterface is cleaned by acetone before starting the test. The frictional coefficient is 
calculated by following equation: 
Frictional coefficient   =
F
f
                                                                                                         (1)      
             
where f is frictional force (N) and F is normal load (N) 
Before start the test, initial weight of specimen  1W  is calculated by using an electronic balance with 
0.0001 g least count then test specimen is allowed to run on the counter disc with particular variable 
parameter. After completion of test, the weight of tested specimen is taken and reported as  2W . The 
difference of weight of samples before and after test gives the value of weight loss  W . The wear rate 
and specific wear rate is calculated by using equation 2 & 3 [8]. 
Wear rate  K =
L
W


                                                                                                                    (2)    
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Specific wear rate  0K =
FL
W


                                                                                                  (3)
                            
where K  is wear rate, 0K is specific wear rate, L is sliding distance and  is density of specimen 
(g/cm3).  
3. Results and Discussion  
3.1. Wear Test and Friction Test 
Tables 3, 4 and 5 show the weight loss  W , wear rate  K  and specific wear rate  0K  of different 
composites at various operating parameters. These corresponding values are plotted in Figure 2.  
 
 
Table 3 Specific Wear Rate  of   Composites at Sliding Speed  = 1m/s, Normal Load  = 10 N and Sliding Distance 
= 1000 m. 
Composites W  
(g) 
K ×10-12 (m3/m) 
0K ×10
-13 (m3/N.m) 
Epoxy 0.0020 1.834 1.834 
J100S0 0.0016 1.259 1.259 
J75S25 0.0028 1.696 1.696 
J50S50 0.0008 0.714 0.714 
J25S75 0.0021 1.448 1.448 
J0S100 0.0021 1.794 1.794 
J50S50 T 0.0005 0.359 0.359 
 
 
Table 4 Specific Wear Rate of Composites at Sliding Speed = 2m/s, Normal Load = 20 N and Sliding Distance = 
1000 m. 
Composites W  
(g) 
K ×10-12 (m3/m) 
0K ×10
-13 (m3/N.m) 
Epoxy 0.019 17.431 8.715 
J100S0 0.0042 3.307 1.653 
J75S25 0.0068 4.121 2.060 
J50S50 0.0026 2.321 1.160 
J25S75 0.0046 3.172 1.586 
J0S100 0.0052 4.444 2.222 
J50S50 T 0.0021 1.510 0.755 
 
 
Table 5 Specific Wear Rate of Composites at Sliding Speed = 3m/s, Normal Load = 30 N and Sliding Distance = 
1000 m. 
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Composites W  
(g) 
K ×10-12 (m3/m) 
0K ×10
-13 (m3/N.m) 
Epoxy 0.0308 28.256 9.418 
J100S0 0.0265 20.866 6.955 
J75S25 0.0361 21.878 7.292 
J50S50 0.0133 11.875 3.958 
J25S75 0.0190 13.103 4.367 
J0S100 0.0142 12.136 4.045 
J50S50 T 0.0037 2.661 0.887 
 
 
 
 
 
 
 
 
Figure 1 Specific wear rate of composites at loads (10, 20, 30N), sliding speeds (1, 2, 3m/s) and constant sliding 
distance (1000m) 
 
 
 
 
 
 
 
 
 
 
Figure 2 Specific wear rate versus applied load of composites 
 
Figure 1 presents the specific wear rate of different composites at applied load (10-30 N), sliding 
speed (1-3m/s) and constant sliding distance 1000 m. Specific wear rate is found increased on 
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increasing the load at any operating parameter for each composite. The hybrid composite J50S50 gives 
lower value of specific wear rate as compared to other composites at any operating parameters. The 
wear property of hybrid composite J50S50 further improved by alkali treatment of fibres. The alkali 
treated hybrid composite J50S50 T shows the lowest value of specific wear rate as compared to all other 
composites.  
Table 3 shows the weight loss, wear rate and specific wear rate of different composites at load (10N), 
sliding speed (1m/s) and sliding distance (1000m). The epoxy matrix provides the lowest value of wear 
resistance, which is increased by incorporation of fibres. The lower value of wear resistance for epoxy is 
due to softening and subsequent film formation and removal process during sliding [8]. The composites 
J100S0 and J0S100 show the 46% and 2% reduced specific wear rate as compared to neat epoxy. 
Minimum specific wear rate is shown by hybrid composite J50S50 which is 158 % less as compared to 
neat epoxy. Minimum specific wear rate is presented by hybrid composite J50S50 due to good fibre 
matrix adhesion. A good fibre matrix adhesion provides the uniform stress transfer as results increase in 
wear resistance properties. Hybrid composite J50S50 shows 76% and 152% lower specific wear rate as 
compared to composites J100S0 and J0S100 respectively. This fact shows the positive effect of 
hybridization. Alkali treated hybrid composite J50S50 T shows the 400% low specific wear rate as 
compared to epoxy which is attributed to alkali treatment. The composites J75S25 and J25S75 show the 
8% and 27% reduced wear rate as well as specific wear rate as compared to neat epoxy.  
Table 4 shows the weight loss, wear rate and specific wear rate of different composites at load (20N), 
sliding speed (2m/s) and sliding distance (1000m). On increasing the load and sliding speed the value of 
wear rate and specific wear rate is found increased as compared at operating parameter (Table 3). The 
composites J100S0 and J0S100 have 425% and 295% reduced specific wear rate as compared to neat 
epoxy. The hybrid composite J50S50 shows 650% less specific wear rate as compared to neat epoxy. 
Alkali treated hybrid composite J50S50 T shows very low specific wear rate as compared to epoxy. The 
composite J50S50 T shows 14% and 64% lower specific wear rate as compared to composites J100S0 
and J0S100 respectively.  The composite J50S50 T further reduced the wear rate of J50S50 by 55% 
which is attributed to alkali treatment. 
Table 5 shows the weight loss, wear rate and specific wear rate of different composites at load (30N), 
sliding speed (3m/s) and sliding distance (1000m). On increasing the load up to 30N and sliding speed 
up to 3m/s, the value of wear rate and specific wear rate is found increased as compared at operating 
parameter (Table 3 & 4).The composites J100S0 and J0S100 have 37% and 135% reduced specific wear 
rate as compared to neat epoxy. The hybrid composite J50S50 shows 138% less specific wear rate as 
compared to neat epoxy. Alkali treated hybrid composite J50S50 T shows very low specific wear rate as 
compared to epoxy.  
3.2. Friction Force and Coefficient of Friction 
Table 6 show the maximum friction force and coefficient of friction of different composites at various 
operating parameters. These corresponding values are plotted in Figure 4.  
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Figure 3 presents the coefficient of friction of different composites at applied load (10-30 N), sliding 
speed (1-3m/s) and constant sliding distance 1000 m. The coefficient of friction is found increased on 
increasing the load at any operating parameter for each composite. The variation (increase, decrease or 
constant) in coefficient of friction depends upon matrix film formation and strength of fibres. Increase 
in coefficient of friction is due to very thin formation of epoxy matrix layer. The hybrid composite 
J50S50 gives lower value of coefficient of friction as compared to other composites at any operating 
parameters. The frictional property of hybrid composite J50S50 is further improved by alkali treatment 
of fibres. The alkali treated hybrid composite J50S50 T shows the lowest value of coefficient of friction.  
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Figure 3 Coefficient of friction of composites at loads (10, 20, 30N),  sliding speeds (1, 2, 3m/s) and constant 
sliding distance (1000m) 
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Figure 4 Coefficient of friction versus applied load of composites 
 
At operating parameter such as sliding speed (1m/s), normal load (10N) and sliding distance (1000m),  
it is observed that the addition of fibres into epoxy matrix has reduced the friction force as well as 
coefficient of friction. The composites J100S0 and J0S100 show the 10% and 31% reduced friction 
force as well as coefficient of friction as compared to neat epoxy. Hybrid composite J50S50 and Alkali 
treated hybrid composite J50S50 T show 83% and 112% lower coefficient of friction as compared to 
neat epoxy as seen from Table 6.  
 
 
 
Table  6  Friction Force and Coefficient of Friction of  Composites at Loads (10, 20, 30 N),  Sliding Speeds (1, 2, 
3m/s) and Constant Sliding Distance = 1000 m. 
 
Composites Load= 10N, Sliding speed = 1m/s 
and sliding distance = 1000 m 
Load= 20N, Sliding speed = 2m/s 
and sliding distance = 1000 m 
Load= 30N, Sliding speed = 3m/s 
and sliding distance = 1000 m 
Max. friction 
force (N) 
Coefficient of 
friction 
Max. friction 
force (N) 
Coefficient of 
friction 
Max. friction 
force (N) 
Coefficient of 
friction 
Epoxy 4.24 0.424 8.34 0.417 15.42 0.514 
J100S0 3.87 0.387 8.13 0.406 13.82 0.460 
J75S25 3.66 0.366 7.91 0.395 12.08 0.402 
J50S50 2.31 0.231 6.66 0.333 9.11 0.303 
J25S75 2.85 0.285 7.64 0.382 11.62 0.387 
J0S100 3.23 0.323 6.80 0.340 9.91 0.330 
J50S50 T 2.04 0.204 5.11 0.255 8.58 0.286 
 
At operating parameter such as sliding speed  (2m/s), normal load   (20 N) and sliding distance 
(1000m),  on increasing the load and sliding speed the value of coefficient of friction is found increased 
as compared at operating parameter such as  sliding speed  (1m/s), normal load   (10 N).  The 
composites J100S0 and J0S100 show the 3% and 22% reduced friction force as well as coefficient of 
friction as compared to neat epoxy. Hybrid composite J50S50 and Alkali treated hybrid composite 
J50S50 T show 25% and 63% lower value of coefficient of friction as compared to neat epoxy as seen 
from Table 6.  
At operating parameter such as sliding speed  (3m/s), normal load   (30 N) and sliding distance 
(1000m),  On increasing the load up to 30N and sliding speed up to 3m/s, the value of coefficient of 
friction is found maximum. The composites J100S0 and J0S100 show the 12% and 56% reduced 
friction force as well as coefficient of friction as compared to neat epoxy. Hybrid composite J50S50 and 
Alkali treated hybrid composite J50S50 T show 70% and 80% lower coefficient of friction as compared 
to neat epoxy as seen from Table 6.  
4. Conclusions 
The following conclusions can be drawn from present study: 
There is reduction in specific wear rate and coefficient of friction due to incorporation of fibres into 
epoxy matrix in all conditions. On increasing in load and sliding speed as result, increase in specific 
wear rate and coefficient of friction. The hybrid composite J50S50 shows minimum value of specific 
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wear rate and coefficient of friction as compare to those of other composites. Alkali treatment of fibres 
has further improved the wear properties of hybrid composite J50S50. The prepared hybrid sisal and 
jute fibre reinforced epoxy composite has the potential to replace asbestos composites for brake pads.  
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